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Treatment of diethyl oxalate with two equivalents of sodium cyclopentaclienide
in THF gave, upon work-up, biscyclopentadienyldiketone.THF contaminated with a
small amount of cyclopentadienylethoxyldiketone in 87% yield. Treatment of diethyl
oxalate with four equivalents of sodium cyclopentadienide in THF led to, upon work-up,
clean biscyclopentadienyldiketone.THF in 91% yield. Treatment of diethyl oxalate with
one equivalent of sodium cyclopentadienide in THF gave, upon work-up, oligomers of
poly(1,3-diketocyclopentadienyl).THF in 92% yield. Treatment of diethyl oxalate with
one equivalent of Lithium cyclopentadienide in THF gave, upon work-up, oligomers of
poly( 1 ,3-dicyclopentadienyl).THF in 66% yield. Treatment of biscyclopentadienyl
diketone with diethyl oxalate in H2O or THF gave, upon work-up, oligomers of
poly( 1 ,3-diketocyclopentadienyl). Treatment of diethyl oxalate with sodium
cyclopentadienide in the presence of triethylamine in THF gave, upon work-up,
oligomers of poly(1,3-dicyclopentadienyl).THF. Treatment of cyclopentadienyl anion
with diethyl carbonate in THF gave, upon work-up, oligomers of poly(ketocyclopenta
dienyl) in 85% yield. Treatment of diethyl carbonate with sodium cyclopentadienide in
1
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the presence of triethylamine in THF gave, upon work-up, oligomers of poly(ketocyclo
pentadienyl)..THF in 83% yield. Treatment of biscyclopentadienyldiketone with iron (II)
chloride in H20 or THF gave, upon work-up, brown solids that are paramagnetic.
Treatment of poly(1,3-dicyclopentadienyl) with iron (II) chloride in H20 gave, upon
work-up, a black solid that are paramagnetic. The new materials prepared were found to
be insulators at room temperature when dry and solvent free. Composites prepared from
the new materials in this study with PEO and TCNQ are insulators at room temperature
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Introduction
Rausch and coworkers have shown that treatment of cyclopentadienyl anion with
ethylacetate leads to acetylcyclopentadienyl anion. One of the key features of this
reaction is that the ethoxide ion formed in the first step is a sufficiently strong base that it





During the course of our work, Kool and coworkers received a patent: ‘Organic
condensation polymers and method of making same’ •2 In this invention, Kool and
coworkers reported that treatment of cyclopentadienyl anion with dimethyl carbonate in





Electrical conduction is classified as ionic or electronic, based on whether the
charge carriers are ions or electrons. They are essentially different in that ionic






involves the transport of electrons. Ionic solids such as NaC1 usually exhibit high
melting points, and low conductivities when dry and solvent free. Organic polymers
with linear it-conjugation and planar it-conjugation show low electrical conductivities,
examples are shown in Scheme i?~ Some coordination polymers containing Fe2~,
Co2~, Ni2~, and Zn2~ have been reported that exhibit semiconducting properties,
conductivities on the order of 10-6 to 10-10 S cm*’011
A number of polymer-based systems have been reported that exhibit ionic and
electronic conductivity. In these systems, materials such as TCNQ serve as the
charge-.transfor agents. Tetracyanoquinoclimethane (TCNQ) is often used as a electron
acceptor. Poly(ethylene oxide) (PEO) is often used as a host for electrolyte formation.
Within the past two decades, several composites prepared form inorganic and organic
salts with PEO’2 and several organic compounds with TCNQ’3 have been reported to
exhibit relatively high conductivity.’2’13 Wright and coworkers have reported that
composite ‘of the complex ,prepared from Nal with PEO, and TCNQ exhibits relatively
high conductivity in the range of 102~ 10-6 S cm4 in the temperature range 20- 140 oC.14
Measurements of conductivity are often made with the sample sandwiched
between a pair of electrochemically inert electrodes using an AC current. This data can
then be plotted as the real component of the impedance, (Z’), vs the imaginary
component of the impedance, (Z”), for data collected at a series of frequencies. This
method of data analysis was proposed by Cole and Cole,’5 and further developed by
Macdonald.16’17 The values of the real resistances of polymer or polymer composites
can be obtained from the Cole-Cole plot (impedance spectrum) at the point where Z”
goes to zero. The value for the resistance of the sample along with thickness of the
sample and electrode area yields the resistivity of the sample or, its inverse, the
conductivity. 15-18
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1. linear ic-conjugated polymers
~LL
R2N NR2(\~~)~
2. Planar ic-conjugated polymer
Scheme 1 Examples of organic polymeric semiconductors
Several studies have shown that the temperature dependence of the conductivity









electrons. Thus the conductivity increases with increasing temperature for ionic
conducting polymer and composites, and decrease with increasing temperature for
electron conducting materials.12’13 A plot of log a vs l/T should be linear due to
Arrhenius behavior over temperature range where no phase transitions occur.’2 An
abrupt change in the slope or curvature of a plot of log a vs l/T is often observed for
polymers and composites. This abrupt change in slope for ionic conducting polymers
can generally be correlated with a phase change in the polymer-salt complexes.’9
Masayoshi Watanabe and coworkers have reported that poly(ethylene oxide) has a
structure similar to crown ethers. Thus, high segmental mobility of these polyethers,
corresponding to low glass transition temperature(Tg), ensures high mobility of the
dissociated ions, and the polymer complexes formed with polyethers and alkali metal
salts show a relatively high ionic conductivity.18
Results and discussion
Rausch and coworkers have reported that the reaction of cyclopentadienyl anion
with ethylacetate leads to the formation of acetylcyclopentadienyl anion, 1.1 The key
Na~
CH3C(O)OET .-..- 0
0 ~ + Et0 Na~
~ Na~~—~ + EtOH
feature of this reaction is that acetylcyclopentadiene has the tendency to form aromatic
acetylcyclopentadienyl anion. Thus, the ethoxide ion formed in the first step is a
sufficiently strong base that it removes a proton from acetylcyclopentadiene to produce
the corresponding acetylcyclopentadienyl anion.
We have found that this reaction can be extended to the reaction of
cyclopentadienyl anion with diesters such as diethyl oxalate or diethyl carbonate. Thus,
treatment of diethyl oxalate with two equivalents of sodium cyclopentadienide in THF
leads to the formation of biscyclopentadienyldiketone 3, and a small amount of the
monocondensation product A. Treatment of diethyl oxalate with four equivalents of
sodium cyclopentadienide in THF gave, upon work-up, clean 3. Compound 3 is
insoluble in organic solvents and soluble in water. Compound 3 was observed by 1H
NMR to slowly undergo H/D exchange in D20.
The condensation of cyclopentadienyl anion with diethyl oxalate to give 3
suggested the possibility of producing oligomers and polymers with extended
conjugation. Thus, we examined the treatment of diethyl oxalate with one equivalent of
cyclopentadienyl anion. Treatment of diethyl oxalate with one equivalent of
5
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Na~~ EtOC(O)C(O)OEt ~r~~c7~o + Et0 Na~
Na+~~~~O + EtOH ~Na~OO Et0 Na~
+EtOH
cyclopentadienyl anion in THF gave, upon work-up, poly(l,3-diketocyclopentadienyl)
abbreviated as PDKCp, 4. Intrinsic viscosity measurements on PDKCp suggest that 4
has only a low degree of polymerization.
Treatment of diethyl oxalate with lithium cyclopentadienide produced products
analogous to 3 and 4. However, these products with lithium counter ions exhibited
higher solubility in water and THF.
Oligomer 4 was also prepared by treating 3 with diethyl oxalate. Treatment of a
solution of 3 with diethyl oxalate in H20 leads to precipitation of a very hard solid which
we assume to be polymer 4.
During the course of our work a patent by Kool and Whitesides appeared:
‘Organic Condensation Polymers and Method of Making Same’.2 One of the reactions









dimethyl carbonate in the presence of triethylamine to give products analogous to 2. For
our reaction, Et0 is used as a deprotonating agent.
Treatment of cyclopentadienyl anion with diethyl carbonate gave 2.
We had hoped that polymer 4 and 2 would have sufficient chain length and
conjugation to serve as electroactive polymers.











c~b EtOC(O)C(O)OEt0 THF or H20
4a
producing non-ionic polymers that would prove to be more easily characterized.
However, polymers 5, 6, and 7, if formed, proved to be very difficult to characterize.
Addition of FeC12(H20)2 to a water solution of 3 led to the precipitation of a
brown powder, which was insoluble in water but soluble in THF. Alternatively
treatment of a suspension of 3 in THF with FeCl2(THF)4 lead to the formation of a
brown solution. The products of both of these solutions failed to give useful NMR data,
and appear to be highly paramagnetic.
The ‘H NMR spectrum of 3, exhibits four mukiplets in the region of & 5-7 ppm.
This result suggests that the structure in solution is very fulvene like, 3a. The ‘H NMR
of 2 and 4 also suggest a great deal of fulvene like structure corresponding to 2a and 4a.
Several of the materials that were prepared were examined using an impedance
analyzer.’5’8 We found that all of the new materials that we have prepared are














When the compounds 2, 4, 8, and 9 were mixed with poly(ethylene oxide)
(PEO)’2 and 7,7,8,8-tetracyanoquinodimethane (TCNQ),’3 composites were produced
which exhibited conductivity in the range of 10-6 ohm-1 cm4 above 60 °C. For contrast
to this, we found that the composite of TCNQ and PEO exhibits low conductivity
(conductivity lower than 108 S cm-’ in temperature range, room temperature to 90 °C).
The results of the variable-temperature impedance measurements on composites of 2, 4,
8 or 9 with PEO and TCNQ are given in Table 1. All data shown in the Table 1 were
obtained from Cole-Cole plot.’5’8 An example of Cole-Cole plot for our samples is
shown in the Figure 1.




















composites prepared from 2, 4, 8, or 9 with PEO and TCNQ increase with increasing
temperature and the resistance of the composites is greater than 108 ohm below 60°C.






TCNQ exhibited endothermic peaks at 338 K (65 °C). This peak is attributed to melting
of a pure PEO phase in these polymer complexes.’2 The DSC curves of 2, 4, 8, and 9 did
not exhibited any endothermic peaks below 250 °C.
The plot of log(a) vs lIT on new materials is shown in Figure 2.12 An abrupt
change in the slopes of curves of log(a) vs lIT can be observed in the range of 60-65 °C.
This change in the slopes can be traced to a phase change in the composites of 2, 4, 8 and
9•19 This corresponds to the glass transition of PEO (Tg= 65 oc).l2~lS For the
composites of 2 and 4 with TCNQ and PEO, the results shown in the Table 1 and Figure












Conductivities of composites prepared from
Table 1 PEO, TCNQ and 2, 4, 8, or 9
Temperature a(S cm1) a(S cm~) a(S cm-1) o(S cnr1) a(S cm’)
(°C) Compoun~ Compounc Compoun Compoum Compound4a 2 8 9
56 7.22E-07 1.56E-07










94 2.7 1E-05 9.74E-06
95 2.18E-06
Z’ was obtained from Cole-Cole plot at the point where Z” reached a minimum.
4a was prepared by the reaction of diethyl oxalate with one equivalent
cyclopentadienyl anion. 4~’ was prepared by the reaction of 3 with
diethyloxalate.
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General Laboratory Materials and Equipments
All operation were performed under an inert atmosphere of dry nitrogen on a
double manifold, high vacuum line or in a Vacuum Atmosphere glovebox under an
atmosphere of nitrogen, Toluene, ether, THF and hexanes were purified by distillation
from Na/K alloy under nitrogen. Dichioromethane was distilled from P205 (Fisher) prior
to use. Diethyl oxalate (Aldrich), diethyl carbonate (Aldrich), n-butyllithium (Aldrich),
sodium (Aldrich), ethyl actete (Aldrich), triethyl amine (Aldrich), hydrochloric acid
(Fisher), FeC12 (Strem), acetone (Aldrich), D20 (Aldrich), 7,7,8,8-tetracyanoquino-
dimethan (Aldrich), 1 8-crown-6 ether (1,4,7,10,13,1 6-hexaoxacyclooctadecane)
(Aldrich), Poly(ethylene oxide) (Polysciences, INC.) were used as purchased.
‘H NMR spectra were recorded at 250 MHz on a Bruker 250 MHz NMR
spectrometer. Spectra were measured at ambient temperatures in D20, using
3-(trimethylsilyl)-propionic-2,2,3,3-d4 acid, sodium salt as an internal standard.
Impedance measurements were recorded over the frequency range 5 Hz to 13 MHz using
a Hewlett-Packard 4 192A LF Impedance Analyzer, utilizing pressed sample pellets
between copper electrodes. Thermal analyses of the polymers were carried out using a
Perkin Elmer DSC-4 Differential Scanning Calorimeter interfaced with a Thermal
Analysis Data Station.
Composites of PEO, TCNQ, and 2, 4, 8, or 9 were prepared by mixing solutions
of 1.0 g of 2, 4, 8 or 9 in 20 mL of dichioromethane at room temperature with a solution
of 1.0 g of TCNQ in 20 mL of dichioromethane and a solution of 1.0 g of PEO in 20 mL
of dichloromethane under nitrogen. The resulting solution was stirred for 1 hour and
then the solvent evaporated by blowing nitrogen gas over the mixture to give a black
film on the wall of flask. After drying in a vacuum oven over night at 60 °C, the black
15
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film was pressed into pellets to carry out impedance measurements. The impedance of
the pellet was measured over the frequency range of 5 Hz to 13 MFIz, and over the
temperature range room temperature to 95 °C.
Viscosity measurements were carried out at 27.2 °C in a constant temperature
water bath. Samples for viscosity measurements were prepared by dissolving the sample
to be studied in distilled water and stirring the solution overnight.
Table 2: Name, Symbol, and Equation for visicosity measurement
Name Symbol and Equation
Relative viscosity 1lr = t/t0
Specific viscosity li~ = - 1 = (t-t0)/t0
Reduced viscosity ~flr~i = lisp/C
Intrinsic viscosity [lii = (r1~p/c)~_o
t (sec.), sample and solvent, to (sec.), solvent only.
c (g/100 mL), concentration.
Differential Scanning Calorimetry (DSC) was carried using a Perldn Elmer
DSC-4 differential scanning calorimeter interfaced with a Perkin Elmer Thermal
Analysis Data Station. The films use in these studies were dried under vacuum for 8 h
prior to measurement. Samples were heated in the DSC from 50 °C to 250 °C at 20
°C/min. These samples cooled to 50 °C and then reheated as above and the DSC
recorded. The samples of 2, 4, 8, or 9 with PEO and TCNQ were cooled quickly to 0 °C
and heated to 150 °C at 20 °C/min. These samples were quenched to 0 °C and reheated




A: Na[C5H5]: diethyl oxalate, 2:1.
Freshly distilled cyclopentadiene (16.0 g, 0.24 mol) was added dropwise to 5.6 g
(0.25 mol) of finely divided sodium in 100 ml of THF at 0 °C. Upon completion of the
addition of the cyclopentadiene, the solution was allowed to warm to room temperature
and stirred overnight. This solution of Na[C5H5] in 100 mL of THF was cooled to 0 °C
and 16.3 mL (0.12 mol)of diethyl oxalate was added dropwise with stirring. The
solution turned deep brown with the formation of a precipitate within minutes. The
solution was allowed to warm to room temperature upon completion of the addition of
diethyl oxalate. This solution was stirred at room temperature for three and a half hours
and then heated to reflux for 30 minutes. Within minutes of heating, the solution
solidified to give a yellow/green solid. The solvent was removed under vacuum and the
yellow/green solid was washed under nitrogen with two 50 mL portions of THF and two
50 mL portions of diethyl ether. The product was dried under high vacuum to give 19.4
g (87%, yield) of biscyclopentadienyldilcetone.THF contaminated with a small amount
of cyclopentadienylethoxyldiketone.
‘H NMR (250 MHz, D20); 6: 6.80 (olefinic H, m); 6.67 (olefinic H, m); 6.43
(olefinic H, m); 6.31 (olefinic H, m); 3.83 (THF, t); 3.71 (-OCH2-, q); 1.96 (THF, t); 1.21
(-CH3, t).
B: Na[C5H5]: diethyl oxalate, 4:1.
A solution of Na[C5H5j (0.13 mol) in 50 mL of THF was cooled to 0 °C and 4.4
mL (0.0324 mol) of diethyl oxalate was added dropwise with stirring. The solution
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turned deep brown within minutes. The solution was allowed warm to room temperature
upon the completion of the addition of the diethyl oxalate. This solution was stirred at
room temperature for three hours and then heated to reflux for 1 h. Within minutes of
heating, the solution solidified to give a yellow/green solid. The solid was filtered under
nitrogen and washed with two 50 mL portions of THF and two 50 mL portions of diethyl
ether. The product was dried under high vacuum to give 5.0 g (91% yield) of
biscyclopentadienyldiketone.THF as a yellow green solid.
‘H NMR (250 MHz, D20); 6.77 (olefinic H, m); 6.36 (olefinic H, m); 6.30
(olefinic H, m); 6.11 (olefinic H, m); 3.80 (THF, t); 1.90 (THF, t).
The results of viscosity measurement are shown in the Table 3.
Table 3: Viscosity of biscyclopentadienyldiketone at 27.2 °C
C(g/lOO mL) t(sec) hr 1lsp 1lred
1.00 422.53 1.069 0.069 0.069
0.67 411.89 1.042 0.042 0.063
0.50 407.71 1.032 0.032 0.064
0.40 403.99 1.022 0.022 0.055
= 395.29 sec.
[ii] = 0.0506 dug
Preparation of Poly( 1 ,3-diketocyclopentadienyl) (PDKCp):
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Method 1:
A solution of Na[C5H5j (0.12 mol) in 100 mL of THF was cooled to 0 °C and
16.3 mL (0.12 mol) of diethyl oxalate added dropwise with stirring. The solution turned
deep brown. The solution was allowed to warm to room temperature upon the
completion of the addition of the diethyl oxalate. The solution was stirred at room
temperature for 4 h and then heated to reflux for 2 h. Within minutes of heating, the
solution solidified to give a deep brown solid. The solvent was removed under vacuum
and the deep brown solid washed under nitrogen with two 50 mL portions of THF and
two 50 mL portions of diethyl ether. The product was dried under high vacuum to give
15.7 g (92 %, yield) of poly(1,3-diketocyclopentadienyl).THF (PDKCp.THF) as a deep
brown solid.
‘H NMR (250 MHz, D20); ö: 6.70 (olefinic H, m); 6.38 (olefinic H, m); 6.30
(olefinic H, m); 6.10 (olefinic H, m); 3.80 (THF, t); 3.58 (-OCH2-, q); 1.90 (THF, t); 1.20
(-CH3, t).
The results of impedance and viscosity measurements are shown in the Table 4
and Table 5 respectively.
Method 2:
A solution of Na[C5H5] (0.038 mol) in 50 mL of THF was cooled to 0 °C and
5.15 mL (0.038 mol) of diethyl oxalate added dropwise with stirring. The solution
turned deep brown. The solution was allowed to warm to room temperature upon the
completion of the addition of the diethyl oxalate. The solution was stirred at room
temperature for 24 h and then heated to reflux for 8 h. Within minutes of heating the
solution solidified to give a yellow brown solid. The solvent was removed under
vacuum and the yellow brown solid was washed under nitrogen with two 50 mL portions
of THE and two 50 mL portions of hexane. The product was dried under high vacuum to
20









Z’ was obtained froma Cole-Cole plot at the point where
Z” has reached a minimum
give 5.05 g (71 % yield) of poly(1,3-diketocyclopentadienyl).THF as a yellow brown
solid. The solid was suspended in 50 mL of toluene and the mixture was heated to reflux
for 6 h. The solvent was removed by distillation to give a deep brown solid. The deep
brown solid was washed under nitrogen with two 50 mL portions of hexane. The
product was dried under high vacuum to give a deep brown solid.
Method 3
Freshly distilled cyclopentadiene (3.17 g, 0.048 mol) was added dropwise to a 1.1
g (0.048 mol) of finely divided sodium in 20 mL of THF at 0 °C. Upon completion of
21
C(g/100 mL) t(sec) hr isp 1lred
1.00 417.09 1.055 0.055 0.055
0.60 409.61 1.036 0.036 0.060
0.43 405.22 1.025 0.025 0.058
0.27 401.11 1.015 0.015 0.056
0= 395.29 sec.
[ii] = 0.05 85 dug
the addition of the cyclopentadiene the solution was allowed to warm to room
temperature and stirred overnight. After the reaction was complete a 12.7 g (0.048 mol)
of 18-crown-6 ether was added at room temperature. The resulting solution was cooled
to 0 °C and 6.5 mL (0.048 mol) of diethyl oxalate added dropwise with stirring. The
solution turn to deep brown. The solution was allowed to warm to room temperature
upon the completion of the addition of the diethyl oxalate. The solution was stirred at
room temperature for 12 h and then heated to reflux for 6 h. Within minutes of heating
the solution solidofied to give a black solid. The solvent was removed under vacuum
and the brown solid was washed under nitrogen with two 20 mL portions of THF and
two 20 mL portions of diethyl ether. The product was dried under high vacuum to give
12.8 g (66%,yield) of poly(1,3-diketocyclopentadienyl).THF as soft black solid.
Table 5: Viscosity of poly(1,3-diketocyclopentadienyl) at 27.2 °C
22
Method 4:
Freshly distilled cyclopentadiene (7.92 g, 0.12 mol) was added dropwise to a 2.76
g (0.12 mol) of finely divided sodium in 100 ml of TI{F at 0°C. Upon completion of the
addition of the cyclopentadiene the solution was allowed to warm to room temperature
and stirred overnight. After the reaction was complete the solvent was removed under
high vacuum to give a pink solid. The pink solid was suspended in 100 mL of toluene.
The reaction mixture was cooled to 0 °C and 16.3 mL (0.12 mol) of diethyl oxalate
added dropwise with stirring. The solution turn to brown. The solution was allowed to
warm to room temperature upon the completion of the addition of the diethyl oxalate.
The solution was stirred at room temperature for 12 h and then heated to reflux for 4 h.
Within minutes of heating, the solution solidified to give a deep brown solid. The
solvent was removed by filtration to give a deep brown solid and the deep brown solid
was washed under nitrogen with two 50 mL portions of diethyl ether. The product was
dried under high vacuum to give 10.5 g (62 %, yield) of
poly(1,3-diketocyclopentadienyl) as a deep brown solid.
Condensation of Li[C5~j~1 and diethyl oxalate:
n-BuLi (4.75 mL of 1.6 M in hexane, 0.0076 mol) was added dropwise to a
stirred solution of 0.5 g (0.0076 mol) of freshly distilled cyclopentadiene in 20 mL of
THF at 0 °C. After the addition of n-BuLi was complete, the reaction mixture was
allowed to warm to room temperature. The solvent was removed under vacuum and 20
mL of THF was added. The solution of Li[C5H5] was cooled to 0 °C and 1.01 mL
(0.0076 mol) of diethyl oxalate was added dropwise. Immediately upon the addition of
the diethyl oxalate the solution turned deep red. The solution was allowed warm to
room temperature and stirred at room temperature for 12 h. The solution was then
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refluxed for 24 h. The reaction mixture was filtered and the deep yellow solid formed
was filtered under nitrogen and then washed with two 20 mL portions of THF and two
20 mL portions of hexane. The product was dried under high vacuum to give 0.94 g
(66%, yield) of poly(1,3-dilcetocyclopentadienyl).THF as a deep yellow solid.
‘H NMR (250 MHz, D20); ö: 6.31 (olefinic H, m); 6.19 (olefinic H, m); 5.95
(olefinic, m); 5.84 (olefinic H, m); 3.97 (~OCH2- of diethyloxalate, q); 3.35 (THF, t);
3.25 (-OCH2-, q); 1.48 (THF, t); 1.00 (-CH3 of diethyloxalate, t); 0.80 (-CH3, t).
Condensation of biscyclopentadienyldilcetone and diethyl oxalate:
Method 1.
A mixture of 1.98 g (0.0086 mol) of biscyclopentadienyldiketone in 20 mL of
THF was cooled to 0 °C and 1.17 mL (0.0086 mol) of diethyl oxalate was added with
stirring. The reaction mixture was allowed to warm to room temperature upon the
completion of the addition of the diethyl oxalate. The solution was stirred at room
temperature for 1 h and then heated to reflux for 2 h. Within the minutes of heating the
solution turned dark and then formed a dark solid. The solvent was removed under
vacuum and the dark solid was washed under nitrogen with two 20 mL portions of THF
and two 20 mL portions of diethyl ether. The product was dried under high vacuum to
give 2.5 g of poly( 1 ,3-dilcetocyclopentadienyl).THF as a black solid.
The results of impedance measurement are shown in the Table 6.
Method 2
A solution of 10.0 g (0.044 mol) of biscyclopentadienyldiketone in 50 mL of H20
was cooled to 0 °C and 6.0 mL (0.044 mol) of diethyl oxalate added with stirring. The
reaction mixture was allowed to warm to room temperature upon the completion of the
addition of the diethyl oxalate. Within the minutes of the addition of diethyl oxalate the
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Z’ was obtained from a Cole-Cole plot at the point
where Z” reached a minimum.
solution formed a brown solid. The solution was stirred at room temperature for 1 h. The
brown solid was filtered and washed under nitrogen with two 20 mL portions of H20 and
two 20 mL portions of diethyl ether. The product was dried under high vacuum to give
8.1 g of poly(l ,3-diketocyclopentadienyl) as a hard brown solid.
Condensation of NaFC5~51 and diethyl oxalate in the presence of triethylamine:
Triethylamine (3.1 mL, 22.4 mmol) and diethyl oxalate (2.58 mL, 19.0 mmol) in
50 mL of THF were cooled to 0 °C and Na[C5H5j (1.64 g in 100 mL of THF) was added
dropwise via cannula over 20 minutes. The solution was allowed to wami to room
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temperature upon the completion of the addition of the diethyl oxalate, during which
time the solution turned deep brown. After stirring for 3 h at room temperature the
reaction mixture was warmed slightly with a water bath and it turned darker. Within
minutes of heating the solution solidified to give a brown solid. The solvent was
removed under vacuum and then washed under nitrogen with two 20 niL portions of
THF and two 20 mL portions of cliethyl ether. The product was dried under high vacuum
to give 2.5 g of poly(l,3-diketocyclopentadienyl).THF as a brown solid.
‘H NMR (250 MHz, D20); & 6.38 (olefinic H, m); 6.25 (olefinic H, m); 6.01
(olefinic H, m); 5.90 (olefinic H, m); 4.05 (-OCH2- of diethyloxalate, q); 3.95 (-NCH2-
of HN~(Et)3 , q); 3.42 (THF, t); 3.31 (-OCH2-, q); 1.55 (THF, t); 1.05 (-CH3 of
diethyloxalate, t); 0.98 (-CH3 of HN4(Et)3, t); 0.85 (-CH3, t).
The results of viscosity measurement are shown in the Table 7.
Table 7: Viscosity of poly(1,3-diketocyclopentadienyl) at 27.2 °C
C(g/100 niL) t(sec) Tir Tisp Tired
1.00 413.98 1.047 0.047 0.047
0.60 407.21 1.030 0.030 0.050
0.43 404.55 1.024 0.024 0.056
0.33 402.63 1.019 0.019 0.057
0= 395.29 sec.
[ii] = 0.0161 dug
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Condensation of Na[C5H51 and diethyl carbonate:
Method 1:
A solution of Na[C5H5] (0.12 mol) in 100 mL of THF was cooled to 0 °C and
14.5 mL (0.12 mol) of dliethyl carbonate added dropwise with stirring. The solution
turned deep brown. The solution was allowed to warm to room temperature upon
completion of the addition of the diethyl carbonate. This solution was stirred at room
temperature for 20 h and then heated to reflux for 12 h. Within minutes of heating the
solution solidified to give a light yellow solid. The solvent was removed under vacuum
and the light yellow solid was washed under nitrogen with two 50 mL portions of THF
and two 50 mL portions of hexane. The product was dried under high vacuum to give
16.3 g (85%, yield) of poly(ketocyclopentadienyl).THF as a yellow solid.
‘H NMR (250 MHz, D20); 6: 6.65 (olefinic H, m); 6.59 (olefinic H, m); 6.36
(olefinic H, m); 6.27 (olefinic H, m); 4.28 (-OCH2- of diethylcarbonate, q); 3.64 (TI-IF,
t); 3.55 (-OCH2-, q); 1.89(THF, t); 1.32 (-CH3 of diethylcarbonate, t); 1.18 (-CH3, t).
The results of impedance measurement are shown in the Table 8.
Method 2:
A solution of Na[C5H5] (0.076 mol) in 100 mL of THF was cooled to 0 °C and
9.2 mL (0.076 mol) of diethyl carbonate was added dropwise with stirring. The solution
turned brown. The solution was allowed to warm to room temperature upon completion
of the addition of the diethyl carbonate. This solution was stirred at room temperature
for 12 h and then heated to reflux for 8 h. Within minutes of heating the solution
solidified to give a yellow brown solid. The solvent was removed under vacuum and the
yellow brown solid was washed under nitrogen with two 50 mL portions of THF and two
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Z’ was obtained froma Cole-Cole plot at the point where Z”
has reached a minimun.
50 mL portions of ether. The product was dried under high vacuum to give 7.57 g (62%,
yield) of poly(ketocyclopentadienyl).THF as a yellow brown solid. The polymer was
suspended in 100 mL of toluene and the mixture heated to reflux for 3 h. The solvent
was removed by distillation. The deep brown solid was washed under nitrogen with two
50 mL portions of hexane. The product was dried under high vacuum to give a deep
brown solid.
Condensation of Na[C5H51 and diethyl carbonate in the presence of triethyl
amine:
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A solution of triethylamine (3.1 mL, 22.4 mmol) and diethyl carbonate (2.3 mL,
19 mmol) in 50 mL of THF was cooled to 0°C and Na[C5H5] (1.64 gin 100 mL of THF)
was added dropwise via cannula over 20 minutes. The solution was allowed to warm to
room temperature, during which time it turned dark orange. After 3 h at room
temperature the reaction mixture was warmed slightly with a water bath and it turned
darker. Within the minutes of heating the solution solidified to give a deep yellow solid.
The solvent was removed under vacuum and the deep yellow solid was washed under
nitrogen with two 20 mL portions of THF and two 20 mL portions of diethyl ether. The
product was dried under high vacuum to give 1.4 g (83%,yield) of
poly(ketocyclopentadienyl).THF as a deep yellow solid.
Reaction of biscyclopentadienyldiketone and ethyl actete:
A mixture of 1.3 g (0.0056 mol) of biscyclopentadienyldilcetone in 20 mL of THF
was cooled to 0 °C and 1.3 mL (0.012 mol) of ethyl actete was added dropwise with
stirring. Upon the completion of the addition of ethyl actete the mixture was allowed to
warm to room temperature. The mixture was stirred at room temperature for 2 h and
then heated to reflux for 2 h. The solvent was removed under vacuum to give a deep
brown solid. The solid was washed under nitrogen with two 20 mL portions of THF and
two 20 mL portions of diethyl ether. The product was dried under high vacuum to give
1.2 g (68%,yield) of a deep brown solid.
‘H NMR (250 MHz, D20); 6: 3.75 (-OCH2-, t); 1.93 (-CH3, s); 1.88 (-CIT3. t).
Reaction of Poly( 1 ,3-diketocyclopentadienyl) and hydrochloric acid:
Hydrochloric acid (0.25 mL of 12 M in H20, 0.003 mol of hydrochloride) was
added dropwise to a stirring solution of a 0.56 g (0.003 mol) of
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poly(1,3-diketocyclopentadienyl) in 15 mL of H20 at room temperature. Within minutes
of the addition of the hydrochloric acid the solution solidified to give a yellow brown
solid. The yellow brown solid was filtered and washed under nitrogen with two 10 mL
portions of H20 and two 10 mL portions of diethyl ether. The product was dried under
high vacuum to give 0.46 g (8 1%, yield) of a yellow brown solid.
Reaction of poly(l,3-diketocyclopentadienyl) and methyl iodide:
Method 1
A mixture of 3.0 g (0.0 13 mol) of biscyclopentadienyldiketone in 30 mL of THF
was cooled to 0 °C and 1.8 mL (0.013 mol) of diethyl oxalate was added dropwise with
stirring. The mixture turned to deep green. The mixture was allowed to warm to room
temperature upon the completion of the addition of diethyl oxalate. The mixture was
stirred at room temperature for 3 h and then heated to reflux for 2 h. The mixture was
cooled to 0 °C after and 2.0 mL (0.033 mol) of methyl iodide added dropwise with
stirring. The mixture was allowed to warm to room temperature upon the completion of
addition of the methyl iodide. The mixture was stirring at room temperature for 12 h and
then heated to reflux for 3 h. The mixture was filtered to give a brown solid. The brown
solid was washed under nitrogen with two 20 mL portions of cliethyl ether. The brown
solid was dried under high vacuum to give 3.5 g of a brown solid.
Method 2:
A mixture of 2.0 g (0.01 mol) of poly(1,3-diketocyclopentadienyl) in 20 mL of
THE was cooled to 0°C and 1.4 mL (0.01 mol) of methyl iodide added dropwise with
stirring. The reaction mixture was allowed to warm to room temperature upon the
completion of the addition of methyl iodide. The mixture was stirred at room
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temperature for 12 h and then heated to refiux for 6 h. Within the minutes the heated
mixture turned deep brown. The mixture was cooled to room temperature and filtered to
give a deep brown solid. The deep brown solid was washed under nitrogen with two 20
mL portions of diethyl ether. The product was dried under high vacuum to give 1.7 g of
a deep brown solid.
Reaction of poly(1,3-diketocyclopentadienyl) and dimethyl sulfate:
Dimethyl sulfate (1.9 mL, 0.02 mol) was added dropwise to a stirred solution of
3.74 g (0.02 mol) of poly(1,3-diketocyclopentadienyl) in 20 mL of H20 at room
temperature. Within minutes of the addition of the dimethyl sulfate, the solution
solidified to give a deep brown solid. The solvent was removed by filtration and the
deep brown solid was washed under nitrogen with two 20 mL portions of H20 and two
20 mL portions of diethyl ether. The product was dried under high vacuum to give 3.85
g (95%, yield) of deep brown solid.
Reaction of poly(ketocyclopentadienyl) and dimethylsulfate:
Dimethyl sulfate (1.9 mL, 0.02 mol) was added dropwise to a stirring solution of
3.18 g (0.02 mol) of poly(ketocyclopentadienyl) in 20 mL of H20 at room temperature.
Within the minutes of the addition of dimethyl sulfate the solution solidified to give a
deep brown solid. The solvent was removed by filtration and the deep brown solid was
washed under nitrogen with two 20 mL portions of H20 and two 20 mL portions of
diethyl ether. The product was dried under high vacuum to give 3.2 g (92%, yield) of a
deep brown solid.
Reaction of biscyclopentadienyldiketone and Iron (II) chloride:
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Method 1
Iron (II) chloride (0.28 g, 0.0022 mol) was added to the solution of 0.5 g (0.0022
mol) of biscyclopentadlienyldiketone in 20 mL of H20 at room temperature. The
resulting solution was stirred at room temperature for 2 hours and then heated to reflux
for 4 h. Within the minutes of heating the solution formed a black solid. The solvent
was removed by filtration to give a black solid. The solid was washed under nitrogen
with two 20 mL portions of H20 and two 20 mL portions of diethyl ether. The product
was dried under high vacuum to give 0.97 g of a hard black solid.
The results of impedance measurement are shown in the Table 9.












Iron (II) chloride (0.28 g, 0.0022 mol) was added to the mixture of 0.5 g (0.0022
mol) of biscyclopentadienyldiketone in 20 mL of THF at room temperature. The
resulting mixture was stirred at room temperature for 2 h and then heated to reflux for 4
h. Within the minutes of heating the mixture turned black. The solvent was removed
under vacuum to give a black solid. The black solid was washed under nitrogen with
two 20 mL portions of THF and two 20 mL portions of diethyl ether. The product was
dried under high vacuum to give 0.85 g of a black solid.
Reaction of poly(l,3-diketocyclopentadienyl) and Iron (II) chloride:
Iron (II) chloride (0.63 g, 0.0049 mol) was added to the solution of 0.5 g (0.0024
mol) of poly(1,3-diketocyclopentadienyl) in 20 mL of H20 at room temperature. The
resulting solution was stirred at room temperature for 1 hour and then heated to reflux for
5 h. Within the minutes of heating the solution formed a black solid. The solvent was
removed by filtration to give a black solid. The black solid was washed under nitrogen
with two 20 mL portions of H20 and two 20 mL portions of diethyl ether. The product
was dried under high vacuum to give 0.95 g of a hard black solid.
The results of impedance measurement are shown in the Table 10.
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‘H NMR SPECTRA OF COMPOUNDS 1,2,3, AND 4 IN D20
WITH 3-(TRIMETHYLSIIXL)-PROPIONIC-2,2,3,3-d4 ACID,
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‘H NMR SPECTRUM OF COMPOUND 2
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‘H NMR SPECTRUM OF COMPOUND 3
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‘H NMR SPECTRUM OF COMPOUND 4
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DSC CURVES OF COMPOUNDS 2,4t8, AND 9
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